Abstract: Many wide-ranging mammal species have experienced significant declines over the last 200 years; restoring these species will require long-term, large-scale recovery efforts. We highlight 5 attributes of a recent range-wide vision-setting exercise for ecological recovery of the North American bison (Bison
Introduction
Many important, wide-ranging mammals have experienced significant range collapses in recent history. Within the last 150 years in North America, for example, elk have lost 74% of their range, pronghorn 64%, grizzly bear 53%, black bear 39%, and caribou 24% (Laliberte & Ripple 2004) . Similar declines have been observed for elephants, lions, jaguars, tigers, wild dogs, guanacos, wild cattle, and many other wide-ranging wildlife species from around the world (MacDonald 2006) . The familiar factors of habitat loss and fragmentation, degraded ecosystems, competition with humans and human commensals, and overharvest explain most of these declines.
Many of these species are also the animals that matter most to people. They provide inspiration for human art and story-telling (Shepard 1996) , sustain human livelihoods directly or indirectly (Reynolds et al. 2001) , and perform essential ecological functions (Marcot & Vander Heyden 2001) . Staples of zoological parks and children's toys worldwide, these familiar species help draw over 143 million people per year to zoos in the United States (AZA 2006) and sustain a global wildlife tourism industry that generates billions of dollars annually in direct and indirect economies (Freese 1998) . Moreover, these same animals are useful as conservation planning tools; Sanderson et al. (2002a) summarized the case for these "landscape species" in strategies to conserve large, wild ecosystems.
In attempting to understand why species of such ecological and social importance have declined so dramatically, the North American bison makes a useful case study. (Here, bison refers to both subspecies together [Bison bison bison, wood bison, and Bison bison athabascae, plains bison, both of which are commonly called "buffalo" [Reynolds et al. 2003 ].) Three hundred years ago, bison ranged across the Great Plains in the tens of millions (Shaw 2000) , reached from the Arctic Circle to Mexico and from Oregon to New Jersey (Hall & Kelson 1959) , and were essential to the ecology of grassland systems and the economies and spiritual lives of the people that dwelled in those grasslands and other places (Haines 1995) . Bison wallowed, rubbed, pounded, and grazed the prairies into heterogeneous ecological habitats; they converted vegetation into protein biomass for predators, including people; and they shaped the way fire, water, Coppedge 1997 soil, and energy moved across the landscape (Knapp et al. 1999 ; Table 1 .) During European colonization, bison provided meat and hide and indirectly facilitated industrialization by providing leather for machinery belts (Isenberg 2000) . By the late 19th century these factors had driven the bison nearly to extinction in the wild (Hornaday 1889) and, with them, the Native American communities that once depended on bison for their survival (Haines 1995) . Through a remarkable series of efforts, starting with private individuals, conservation groups (notably the American Bison Society) and government, then later, private landowners and ranchers and, most recently, tribal nations, the continental bison population has recovered substantially (Isenberg 2000; Weber 2006 ). Today, there are more than 500,000 bison in North America, the species is no longer in danger of demographic extinction, and a market exists for their sustainable use (NBA 2006) . This history is heralded around the world as a landmark success of the conservation movement (Waldman 2001; U.S. Department of State 2006) .
Recently, however, some conservationists have begun to wonder whether bison restoration has been such a great success (Freese et al. 2007) . Today most bison are raised for meat production, selectively bred, mixed with cattle genes, separated from natural predators, and managed as small herds in fenced paddocks. The majority of bison no longer play the significant roles they once did in grasslands and other ecosystems-they do not compete with other grazers, interact with wild predators, or shape landscapes. Because of introduced cattle diseases, stringent regulations dramatically limit where bison can roam or be moved. In some jurisdictions bison are livestock, in others, wildlife, and this distinction governs how the bison are managed.
Thus, one asks the following questions. What is our vision for bison restoration? Is it the animal itself-whether in parks, zoos, or ranches-or is it also the interactions between bison and their environment that need to be conserved? At what scale and through which geographies should bison be restored? What aspects of the human relationship to bison-economic, cultural, aesthetic, spiritual-should be restored? These questions transcend science and enter into the realm of ethics, politics, and morality; yet, they lie at the heart of what conservationists hope to achieve not just for bison, but for other species and ecosystems as well.
Here we have grappled with these matters and produced a vision of what broad-scale wildlife restoration should ideally encompass. (We define restoration as "the process of assisting the recovery of an ecosystem that has been degraded, damaged, or destroyed" [SER 2004 ].) Our work follows other efforts that seek to conceive large-scale visions for conservation and to understand the conditions that make such conception possible (Soulé & Terborgh 1999; Manning et al. 2006) . We highlight 5 attributes of our vision that could be applied to other conservation targets and describe a set of supporting documents (maps, databases, and a scorecard) that bring the vision into sharper focus.
The Ecological Future of the North American Bison
In 2005-2006 the Wildlife Conservation Society hosted 3 meetings to set a vision for the ecological future of the North American bison (Redford & Fearn 2006) . The second meeting, at the Vermejo Park Ranch in northern New Mexico, led to what is known as the "Vermejo Statement." Jointly written by the authors of this paper, drawing members from indigenous groups, bison producers, conservation organizations, and government and private land managers, from throughout North America, the Vermejo Statement reads:
Over the next century, the ecological recovery of the North American bison will occur when multiple large herds move freely across extensive landscapes within all major habitats of their historic range, interacting in ecologically significant ways with the fullest possible set of other native species, and inspiring, sustaining and connecting human cultures. Volume 22, No. 2, 2008 This vision will be realized through a collaborative process engaging a broad range of public, private, and indigenous partners who contribute to bison recovery by:
Conservation Biology
Maintaining herds that meet the criteria for ecological recovery, as well as herds that contribute in some significant way to the overall vision, regardless of size; Managing herds for the long-term maintenance of health, genetic diversity, and integrity of the species; Restoring native ecosystems, ecological interactions, and species, Providing conservation incentives for bison producers, managers, and other stakeholders; Creating education, awareness and outreach programs to public and policy-making constituencies; Building capacity among key stakeholder groups; and Working across international borders, where necessary.
There are 5 key attributes of this statement that make it applicable to the conservation of other wide-ranging species. The statement is (1) large scale, (2) long term, (3) inclusive, (4) fulfilling of different values, and (5) ambitious. These attributes create opportunities and challenges for species conservation, as we describe later.
Large Scale
The range-wide conservation of the North American bison, like that for any wide-ranging species, will be accomplished only through the powerful aggregation of local conservation efforts. At the moment, however, as with the conservation of many species, the bison's conservation situation is rife with local disputes, entrenched factions, and seemingly intractable problems. A short but incomplete list of controversial situations simmering today includes brucellosis management in Yellowstone National Park; challenges to efforts to reintroduce bison in Alaska; the transboundary Janos herd that may be walled off from crossing between Mexico and the United States; selective breeding and domestication of bison for market; competition between bison producers and cattle ranchers; ecological competition between reintroduced wood bison and other native (and hunted) ungulates in northern Canada; bovine tuberculosis and brucellosis spreading from the Wood Buffalo National Park herd; the prerogatives of tribal nations versus government authorities in setting bison policy; the dichotomous legal status of bison as livestock or wildlife depending on jurisdiction; the introgression of cattle genes into bison; and the contested role of who-easterners or westerners, ranchers or conservationists, private individuals or government institutions, tribal nations or European descendents-is allowed to speak for conservation of the bison.
Any one of these local controversies, if allowed to dominate, could deflate the momentum for range-wide efforts and leave the entire effort stalled in a tyranny of local disagreement. Acknowledging these difficult situations, not papering over them, is essential to move forward. Equally important is the need to rise above them, to set the vision not for any one place but to share a vision that embraces the entire historical range in its ecological diversity. Such a vision places each of these controversies in its particular historical, cultural, and ecological context and creates a framework for seeking new solutions to local constraints.
We used a modified form of the range-wide prioritysetting methodology (Sanderson et al. 2002b ) to create maps that define the contexts for representation, resiliency, and redundancy (Shaffer & Stein 2000) . The historical range (circa 1500) of the species spanned from Alaska to Mexico and included areas as far east as New York and as far west as California, an area estimated at 9.4 million km 2 (modified from Hall & Kelson [1959] ; Fig.  1 ). Because there is some dispute about the stability of the historical distribution east of the Mississippi (cf. Rostlund 1960), we delineated eastern areas separately; the western part of the range alone totals 7.9 million km 2 . Within the historical range, we mapped a set of 22 major habitat types by combining the ecoregions of North America (Ricketts et al. 1999 ) into larger units representative of the major ecological circumstances of bison (Table 2; Fig. 1 ). This map defines the phrase "across all major habitat types" in the Vermejo Statement. Bison are not only a species of grasslands, they also inhabit forests, steppes, and even tundra. Figure 1 illustrates this distribution and creates the opportunity for more refined visions at the ecoregional scale (e.g., Forrest et al. 2004 ).
Long Term
The Vermejo Statement is explicitly long term; it is defined "over the next century." As with taking a large-scale perspective, a vision that is long-term can transcend local circumstances because, as history has shown, circumstances can change dramatically over the course of a century. No one believes there will be "multiple large herds, moving across extensive landscapes in all major habitat types across the historical range" within the next 10 years. Nevertheless, it is possible this might happen within 100 years. Adopting a long-term perspective opens up conversations that might not otherwise be possible. It also opens up new complications, particularly as the evidence for the ecological impacts of climate change mounts (Parmesan 2006) , undercutting the use of historical precedents for ecological potential. As yet however, climate-change models do not provide sufficient resolution to forecast what the ecological future will be for bison or other wildlife species; thus, for the moment it seems the best one can do is note that over the next 100 years, the vision will need to adapt, as the bison adapt, to the exigencies of new climatic regimes (as well as new population, economic, and political circumstances). Figure 1 shows an estimate of the current distribution of existing bison herds within Canada, the United States, and Mexico. We developed this database from (1) the location of individual ranches, drawn from a review of publicly available Internet Web sites of regional bison associations, (2) an update of the Boyd (2003) review of conservation herds, and (3) contributions from the authors. Herds described from the Internet were geolocated with street addresses from Teleatlas (Boston, Massachusetts) and NAC Geographic Products (Toronto, Ontario) databases. We ignored addresses that were not the actual location of the herd (e.g., ranches headquartered in large cities). Herds were attributed by ranch size, number of animals, sex ratio, adult:calf ratio, and economic use when this information was available. The median area of ranches in our database was 405 ha (1000 acres). We assumed this median value for ranches without data. The National Bison Association (2006) estimates there are more than 4000 ranches holding bison in North America.
The 1236 herds are distributed across all but one (the Arctic Coastal Plain) of the 22 major habitat types within the historical range ( Fig. 1; Table 2 ), with a concentration in the central grasslands of the continent. Although firm estimates are difficult to obtain because the areas of individual private holdings are not available in accessible national databases, the current range of bison is likely <1% of the area of the species historical distribution.
The current expansive, but highly fragmented, distribution is the result of the last 100 years of conservation and commercial efforts. Looking forward the next 100 years, we mapped potential recovery areas west of the Mississippi River (Fig. 2) . We mapped areas "where ecological recovery might be possible" over 3 time frames and considered future trends in land use, economic development, demography, and climate. These areas can be thought of as "stretch goals"-inspirational, ambitious, long-term goals that challenge those involved to achieve what currently seems impossible (Manning et al. 2006 ). They are not meant to be predictions, or prescriptions, in any absolute sense; rather, they provide a subjective, visual hypothesis of where the most promising places for ecological recovery might be. We used the human footprint to compare these recovery areas with the percentages of land area that are currently developed within each habitat type (Table 2 ). In only one case (tallgrass prairie) were our "stretch goals" for the next century larger than the current area of sparsely developed, "wild" lands in the same ecoregion, meaning that given the consent of the landowners and the political will to make it happen, the land base is potentially available for ecological restoration.
In discussions with stakeholders after these maps were produced, these potential recovery areas were criticized as both too expansive and too constrained. For those still licking their wounds from the "Buffalo Commons" wars (Matthews 1998; Popper & Popper 1999) , anything reminiscent of such an unrestrained vision, which indiscriminately crossed public, private, and tribal lands and was not informed by landowners, is anathema. Some object to the publication of a map at all, and there is a risk of losing support by putting forth a vision that is too specific. For others, this vision is too restrained and lacks the appeal of thundering herds of buffalo migrating across the continent (e.g., Callenbach 1996) . For them, the historical range and the 100-year projections should be identical.
Our perspective is that a map, with its inherent specificity, prompts discussion, debate, and substantive consideration about what is possible. This map is not etched in stone, it is printed on paper and is a working document designed to motivate discussion and inspiration. In this sense, the response to the map is more interesting than the map itself. We hope that future generations of bison advocates will gather round these inspirational sketches, not so much because of their intrinsic merits, but to argue about, use and abuse, redraw, and reimagine as their own vision for the bison unfolds.
Inclusive
Satisfying the Vermejo Statement will require including as many stakeholders as possible. For animals like bison that can be managed as both livestock and wildlife, dividing lines can be sharply drawn (List et al. 2007 ). If bison kept by private ranchers are not included in the ranks of herds that may contribute to ecological recovery, 96% of the world's North American bison will be lost with one stroke, and an opponent, the bison industry, will have been created instantly where an ally may have stood. Alternatively no one, including most ranchers, think a domesticated bison, looking and acting like a cow, impounded in a small feedlot, selectively bred for "more rump and less hump," should be considered ecologically recovered.
The perspective taken with the Vermejo Statement is that there is no one path to recovery; rather, there are at least 7 different ways a herd can contribute to ecological recovery. This multidimensional, continuous concept of ecological restoration is constructed as a scorecard (Table 3) . Scorecards are commonly used in business to measure progress toward strategic goals (e.g., Kaplan & Norton 1996) and are increasingly being used by conservationists (e.g., Turner 2007) . Scorecards are one way to translate "qualitative" values, like those expressed in the Vermejo Statement, into more quantifiable and transparent indicators, which the public, conservationists, managers, and donors can use to measure the efficacy of conservation actions. Such explicit statements of conservation objectives are necessary for conservation to succeed (e.g., Tear et al. 2005; Sanderson 2006 ); however, there are concerns about how "qualitative" aspects of values can be quantified and, more troubling, how variables measured in different currencies can be combined in meaningful ways. We have not resolved these issues either and doubt whether they can be resolved "scientifically" because values, not scientific understanding, are at stake. Rather, we see these as issues the bison conservation community must resolve, as we seek to, paraphrasing Thoreau (1854) , "place foundations . . . under our castles in the air."
To develop the scorecard, we took the Vermejo Statement and broke it into its component factors and defined them, quantitatively where possible, across 5 levels of contribution. In the future, points could be assigned to each level so that a summary "ecological recovery score" could be calculated for each herd when the data become available. These scores could be summed across major habitat types, across the 2 subspecies, and across the historical range of the species for broader level metrics. Over time, these as yet undeveloped, aggregate scores would increase as on-the-ground conservation efforts moved us collectively toward the vision.
Important questions remain about the details of how such a scorecard could be implemented; we do not take a position on how or whether factors should be weighted relative to each other or subfactors within the larger factors. All the factors listed seem important. Nor do we have the data to score any of the 1236 herds in our database. Additional research and input from managers will be required to bring more precision to the definitions. This research agenda should embrace not only ecologists, worried about how "natural selection" or "ecological interactions" are defined, but also political scientists, educators, and producers who can help define, respectively, what "a supportive policy framework," "education and outreach," and "market incentives" mean for ecological recovery. In short, the scorecard needs more work to be made operational. Nevertheless, there were several advantages to creating Table 3 . First, because it is more specific than the statement itself, it provides depth without overburdening the vision with suffocating detail. Second, it begins to translate qualitative statements into quantitative goals that can be used to measure the success of ecological recovery at multiple scales. Third, a more-developed version of this scorecard has the potential for use in certification of bison products from herds that are "ecologically restored." Finally, the scorecard allows bison managers to visualize a way in which their herds could contribute to the larger vision of ecological recovery, while explicitly recognizing the constraints they face.
Fulfilling of Conservation Values
Restoration is not a monolithic endeavor motivated by a single set of values (Clewell & Aaronson2006) ; on the contrary, people have many different reasons to conserve and restore animals and many different paths to realizing their values (Sanderson 2006 .) By raising the tent of our vision high and pitching it broadly, we believe we can bring together a diversity of stakeholders working together toward a common goal, even if individuals are motivated by their own values.
Our vision embraces 3 fundamental values for species conservation: ecological representation, ecological functionality, and the connection of people to nature. The third value was strongly advocated by the Native American and First Nation authors of the Vermejo Statement and endorsed by all. Indigenous cultures in the Americas have a long and special history of spiritual connection to bison, which is reflected in their cultural narratives and personal accounts. Original Americans in our meetings spoke passionately about their spiritual relationships with bison. In their own way North Americans of all ethnic origins have cultural relationships with bison based on aesthetics, ethics, nostalgia, and sense of place. We discovered in our meetings, many of the people who keep bison today do so for reasons that transcend economics, class, ethnicity, and nationality. These connections are shared by people who live near bison and those that experience bison while visiting from places faraway.
But we also acknowledge that, although we want to be connected to them, bison are already dependent on us. Today the population size and distribution of most species are culturally determined (Weber 2005) , a simple consequence of the relative abundance of people and the depth and breadth of our mark on the planet (Sanderson et al. 2002c) . People prefer some species and find coexistence with others perilous or inconvenient; bison have the luck of being both, and that tension plays out in the arguments for their conservation and management.
Part of what motivates people to conservation is the existence of the animal and the existence of animals interacting with the environment (Redford & Feinsinger 2001) . Ecological functionality connects species to their ecosystem context (Soulé et al. 2003) . In the case of species like the bison, we believe these connections are fundamental to restoration (Table 1) . A tiger in a cage does not satisfy and neither does a bison in a corral. But bison grazing down the grass, spreading buffalo chips far and wide, interacting with other native species, living in large herds, and returning to earth when they die-these are animals that are integral to their landscapes. Conserving bison and conserving landscapes through bison are inseparable notions.
Ecological representation puts interactions in a geographic context, ensuring that the quality and diversity of functions across ecosystems are conserved. Most people believe that in the near term, bison conservation will occur mainly on the grasslands for plains bison and in the boreal forests for wood bison. Nevertheless, considering the entire ecological range bison once occupied allows a larger group of people to share the benefits of bison conservation. If the conservation community forgets the bison of the Arctic, or the Kentucky Buffalo Trace, then who will remember?
The downside of attempting to fulfill different goals is that sometimes goals come into conflict. People who want spiritual satisfaction from hunting buffalo may not look kindly on wolves taking their satisfaction first. Should a conservation organization invest in building a population in South Dakota to create grassland heterogeneity or should it instead reintroduce a new wild population in the Yukon? When does economics trump aesthetics? When does aesthetics trump function? Whatever choices each individual or individual organization makes, and we all may make different choices, the vision must allow as many as possible to contribute.
Ambitious
We live in a time of diminished expectations for nature, when baseline concepts about nature no longer reflect the abundance, variety, and spectacular phenomena that once existed (Jackson 2001) . Moreover, the onslaught of bad environmental news, from climate change to species extinction, has soured the public on conservation, and too often, conservation biologists. The public wants good news about the environment, and they want solutions that work, especially solutions that do not cost them much, make them healthier and happier, and support their current way of life.
The only way forward is for conservation biologists to be generous and inclusive. There are over 6.5 billion people in the world; for our efforts to succeed, we are going to need their help and cooperation-across cultures, economies and nationalities (e.g., Johns 2005) . This generosity to others includes a willingness to listen, an ability to embrace the alternative perspectives, and a flexibility that presupposes change, patience, and a belief in our common humanity (Kellert & Farnham 2002) . Generosity to ourselves means not selling our vision short. Rather, we need to say what we want, what is enough, what we will do to meet these ends, and, thus, engage the cultural and political conversations that are shaping our planet.
We think the Vermejo Statement captures this ambition and builds on the historical context of the North American bison. Saving the buffalo has been billed as one of the great conservation stories of the 20th century (Waldman 2001; NBA 2006) , and for the goal of preventing imminent extinction, it has been a success. But conservation is more than preventing absence, it is also about creating presence: the presence of full, functioning nature that sustains itself and sustains humans as a unique part of that nature. The Vermejo Statement presents a vision of great herds, vast landscapes, and reconnected peoples and suggests that with time, space, generosity, inclusivity, and a little ambition, we might succeed again.
Closing Remarks
We hope our essay marks the beginning of the "second chance" for bison that Freese et al. (2007) describe; moreover, we believe that the cause of bison ecological recovery will provide a rallying point for other species restoration efforts. The next step that needs to be taken is for the Vermejo vision to be integrated into bison management at local, state/provincial, national, and ecoregional levels so that the vision informs and coordinates all efforts, from how individual ranchers work their bison to national biodiversity plans. An integral part of this effort will be a broadly inclusive revision of the scorecard.
In the midst of our optimism, we recognize that the reality of achieving this vision requires the kind of stubborn persistence that late 19th century conservationists brought to the cause. We live in a time of minimal expectations for nature, not maximal, inhabiting a planet more modified by human activity than ever before (McNeill 2000) , with climate change only the latest and greatest of the new threats. Although we can list ecological functions of bison (Table 1) , we have yet to discover ways to fully define and measure them. Although we can make general statements about the land base (Table 2) , we need to identify opportunities across the range with willing parties. Although we will continue to grapple with difficult problems related to disease, genetics, legal status, and economics, we need a common metric to chart our progress (Table 3) . And we need a shared vision; if we had not looked out 100 years, we might not have thought it possible at all.
The larger issues in this essay relate to clearly articulating what conservation biologists want for the nature that we love (Sanderson 2006) . Not stating the goals or allowing conditions to dictate what is possible seems an unlikely path to success. Rather, clearly stating goals and then working toward them, as the American Bison Society did in 1905, seems a more effective way forward. It seems odd that in nearly every other arena of human endeavor 21st century societies are generally looking forward to more-improved well-being, enriched spiritual lives, greater wealth and power-whereas most nature conservation efforts continue to be ad hoc, small scale, and short term; that is, there is less rather than more. When it comes to species conservation, especially for species as iconic and important as the bison, we can do better. We can be clear about our science and our values; we can be expansive, building communities and finding friends; and we can be persistent in delivering on our vision for nature.
